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The U.S. A rm y ’s Experience in Handling  
Petroleum in an Arctic Environment
C olonel F red ric  Jo h n so n  
U.S. A rm y
ABSTRACT
This article pinpoints the various facets that the US Military experienced in Petroleum Operations in the Arctic 
environment Since the Military were the pioneers in Arctic operations, this experience could prove invaluable if and 
when the TAPS pipeline is constructed. The article deals primarily with various problems which beset the pipeliners 
during the initial construction phases and the peculiarities experienced during operations. A slightly different aspect 
will be experienced, however, when the Oil Industry moves relatively hot crude oil through the pipelines with TAPS 
since the Military moved only clean product.
The article addresses above ground pipeline operations, problems encountered with the enigmatic permafrost, 
summer and winter rapid temperature changes, cold soaked equipment operations, and seismic impact on a Petroleum 
Installation during earth tremors. The premise of the Article is that man can control environment to a great extent if he 
can change his environmental, approach to any given situation.
T he U.S. A rm y was in tro d u ced  w ith  some 
trep id a tio n  to  m ilitary  p ipelining in  an  A rctic 
environm ent in  the  early  1940’s w ith  th e  Canol 
pipeline and th e  N orm al Wells Oil F ie ld  o p era tio n  
in  Canada. S ubsequen tly , th ree- and  four-inch  
pipelines carried  th e  b ru n t o f p e tro leu m  from  
Skagway to  F airbanks, Alaska. D uring th is  same 
period the  A rm y gained a great deal o f  road­
build ing experience in  c o n ju n c tio n  w ith  th e  
Canadian G overnm ent in  th e  co n s tru c tio n  o f th e  
A laskan Highway. Over th e  years l it tle  had  been  
done to  d ispel th e  m yste ry  o f th e  N o rth ern  
environm ent th a t had  been  ingrained in  th e  m inds 
o f m ost o f th e  A m ericans. M any peop le , m ilitary  
and civilian, are still o f  th e  op in io n  th a t constan t 
darkness prevails in w in ter, c o n s ta n t sunlight 
prevails in sum m er, everyone lives in  igloos o r  
hogans, and one m ust subsist on  w hale b lubber, 
seal fa t, d ried  salm on and  b lueberries. In 1954 th e  
snow cu rta in  was lifted  som ew hat b y  th e  m ilitary  
w ith  the design o f  th e  8-inch above-ground 
H aines-to-Fairbanks pipeline. By 1955 th e  pipeline 
becam e a rea lity  and  subsequen tly  a n ightm are. 
Engineers learned  to  th e ir d ism ay th a t  during 
hydrosta tic  testing  o f  a p iep line, rap id  tem p era tu re  
drops caused w ater to  freeze w hich  resu lted  in th e  
w orld’s longest ice cycle. D uring th e  co n stru c tio n  
phase, all face ts  o f env ironm en t w ere  encoun tered . 
There were som e 25 m ajor river crossings; 82 
m inor stream  crossings; 49  m ajor h ighw ay cross­
ings (w hich  is p re tty  d ifficu lt w hen  th ere  is really  
only one ro ad .)  T h irty -n ine  secondary  ro ad  cross­
ings were accom plished, and 11 m ajor sw am p 
tu n d ra  and perm a-frost areas were traversed .
The p ipeline begins a t L u tak  In le t a t Haines, 
Alaska and follow s th e  H aines H ighw ay in to  
Haines Ju n c tio n , C anada, th en  along th e  A lcan 
Highway via Tok Ju n c tio n , F o r t G reeley , Big D elta
Junc tion , E ielson A ir F o rce  Base, to  its  term inus 
at F o rt W ainw right, seven miles n o rth e a s t o f 
Fairbanks.
To m eet th e  m ilita ry  needs n o r th  o f  th e  
Alaska Range, p e tro leu m  p ro d u c ts  from  ocean  
tankers are  received in  bu lk  te rm in a l facilities at 
Haines. F ro m  th is  p o in t, the  p e tro leu m  p ro d u cts  
are tran sp o rted  th ro u g h  the  line as fa r  n o r th  as 
F o rt W ainwright. T he pipeline e x ten d s  over the  
coastal m o u n ta in  range and th ro u g h  th e  p la teau  
and valleys of th e  Y u k o n  T e rrito ry , B ritish Co­
lum bia, an d  A laska. T he  pipeline is com posed  o f 
626 miles o f  e ight-inch  high pressure schedule  40 
pipe, 148 miles bu ried , 478 m iles above ground. 
T here are 11 p u m p  sta tio n s  on  th e  line w ith  an 
average discharge pressure o f  1 ,150  PSI w hich  
m ove the  p ro d u c t a t 3 0 ,0 0 0  barrels p e r day. F rom  
Haines 30  feet above sea level, th e  line reaches an 
elevation o f 3 ,7 5 0  fee t in 57 m iles, and  th en  
decreases to  an e levation  o f  425  feet in  Fairbanks. 
A long th is  ro u te , tem p era tu re s  have ranged  fro m  a 
low  o f m inus 83 degrees a t Snag, Y u k o n  T e rrito ry  
to  a high o f  92 degrees a t F airbanks, a varia tion  o f 
175 degrees. As liqu id  fuels are capable o f  con­
trac ting  an d  expand ing  w ith  tem p e ra tu re  changes, 
line pressures an d  flow  rates are d irec tly  affec ted . 
During a tem p e ra tu re  rise, it has b een  possible to  
receive 1000 barrels an  hour w hile on ly  pum ping  
from  H aines a t 500  barrels an  h ou r. Conversely, 
500  barrels per h o u r can  be p u m p ed  from  H aines 
and  no th in g  received a t T ok fo r  2 Vi hours.
a. E xam ple 1. O n the  S o u th  L ine, th e  dis­
pa tcher in  A nchorage is starting  up  th e  line a fte r  a 
sh u td o w n  the  evening before . A t H aines pum ping  
proceeds no rm ally  a t a ra te  o f  500  barrels per 
hour. A fte r  fo u r  h o u rs  o f pum ping , T ok  first 
begins to  receive fuel. Because o f a tem p era tu re  
d ro p  due to  th e  p rev ious cool evening, th e  p ro d u c t
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in  4 3 2  miles o f  p ip e lin e  is su ffic ien tly  sh ru n k  to  
abso rb  2000  barre ls  o f fu e l b e fo re  p ressu re  is 
o b ta in ed  to  m ove th e  fuel in  th e  line. C onversely , 
as th e  day passes a n d  the  te m p e ra tu re  rises, the  
o u tp u t at T o k  m ay  reach  tw ice  th e  in p u t at 
H aines.
b . E xam ple 2. P u m p in g  is p ro ce e d in g  a t w hat 
is considered  no rm al. T h e  o u tp u t  a t  T ok  is 
ap p ro x im ate ly  the  sam e as the  in p u t a t  Haines. 
Sudden ly  th e  fuel f lo w  a t T ok s tops. T h e  S o u th  
L ine was im m ed ia te ly  shu t d ow n , and a f te r  ab o u t 
a h a lf  hour o f  a n x io u s  searching , th e  tro u b le  was 
fo u n d . Som ew here b e tw e en  D on jek  a n d  T ok , a 
su d d en , cold rain s to rm  coo led  th e  fuel in  th e  line. 
The ra te  o f  vo lum e c o n tra c tio n  ex ceed ed  th e  ra te  
o f in p u t vo lum e a t  H aines and c o n seq u e n tly  no 
fuel was received a t T ok .
c. Exam ple 3. On sh u td o w n s  th e  line is 
pressurized to  near m ax im u m  pressure. I f  th e  line 
is sh u t d ow n  for a  w hile, and if  a te m p e ra tu re  
arises w hich ex ceed s the  te m p e ra tu re  a t  tim e of 
shu tdow n , p ressu res will ap p ro a c h  m ax im um  
lim its. W hen th is p o in t is reach ed , fu e l m ust be 
b led  in to  T o k  to  relieve line  pressures. T ok  m ay 
receive as h igh  as 3 0 0 0  barre ls o f  p ro d u c t befo re  
the  line pressures a re  safe. W hen th e  line cools, the 
fuel co lum n b reaks arid a t som e p o in ts  a long  the 
line, zero p ressures m ay be  reg istered . A s y o u  can 
see fro m  th e  fo rego ing , th e  A rm y  has ex p erienced  
ce rta in  p rob lem s in  o p e ra tio n  th a t  in th e  norm al 
course  o f events are alw ays c ircu m v en ted  or 
conquered .
A t th is po in t I w ou ld  like  to  d igress and 
discuss the  living c o n d itio n s  o f  a h u m an  environ­
m en t in th e  A rc tic . O riginally , th e re  w as som e 
co n s te rn a tio n  th a t  by  m oving fam ilies  in to  an 
alien env ironm en t, th e  seem ingly  in su rm o u n tab le  
p roblem s su ch  as tak in g  a 200-m ile  ro u n d  tr ip  to  
buy  a loaf o f  b read  cou ld  well resu lt in  a to ta l  lack 
o f em ployees so, as a resu lt, n o t o n ly  was 
p erm anen t h o u sin g  c o n stru c ted , co m p le te ly  self 
con ta ined  th a t  g e n e ra ted  th e ir  o w n  h e a t, e lectric­
ity  and  w ater, b u t  chill ro o m s and  fro z e n  food 
lockers w ere c o n s tru c te d  to  p rec lu d e  th e  necessity  
fo r fre q u en t trips t o  tow n . E ach  in s ta lla tio n  in  the 
A rctic  becam e se lf  su ffic ien t. But th e n  o th e r 
p rob lem s arose. C e rta in  p e rm a n en t bu ild ings in 
d irec t c o n ta c t w i th  the  g ro u n d  even tu a lly  had 
problem s d u e  to  h e a t  tran sfer. In  one  h o u sin g  area 
th e  n o rth  w all s e tt le d  a t a m u ch  m ore  rap id  rate  
th an  did th e  s o u th  end  o f  th e  bu ild ing . This 
requ ired  eng ineering  e ffo r t in  o rd e r to  insure 
equa liza tion  o f se ttlin g . F u r th e r  c o n s tru c tio n  of 
housing  was o f th e  tra ile r ty p e  a t least 12 inches 
above the gound  o n  foo tings w ith  leveling screws. 
T he m ilitary  fo u n d  th a t th is  c o n s tru c tio n  was the 
answ er to  a sm all co lony  o r  iso la ted  fam ily • 
dwellings.
A n o th e r  p ro b lem  e n c o u n te re d  w as p e rm a­
fro s t. T est borings in d ic a te d  m any  levels o f  p e rm a­
f ro s t and  sp o tte d  lo ca tio n s . Som e areas im ­
m ed ia te ly  below  th e  su rface , o th ers  15 to  20  fee t 
d o w n . P erm afro st a long  th e  p ipeline tra c e  ap­
p ea red  to  be o f th e  p a tc h  n a tu re . T here w ere  m any  
areas rela tively  free  o f  p e rm a fro s t, som e areas w ith  
s p o tte d  p e rm afro s t, ra th e r  shallow , and  o th e r  areas 
o f  deep  dense p e rm a fro s t. P e rm afro st in  m any  
cases is still an enigm a. F o r  exam ple, w e  e x te n d e d  
a ru n w ay  in  N o rth w ay , A laska during  th e  m o n th  
o f  S ep tem b er b y  a b o u t 1200  fee t. We sc rap ed  th e  
a rea  on ly  fo r th e  p u rp o se  o f  leveling w ith o u t 
d is tu rb in g  th e  subsu rface . A gravel b u ild u p  o f  six 
to  e igh t inches w as laid o n  to p  o f  th e  su rface  w ith  
a view  to w ard  th e  w in te r  snow s co m p ac tin g  and 
fo rm in g  a fla t su rface. By M arch, fo r th e  m ilita ry  
m aneuvers, th e  ru n w ay  w as in  excellen t c o n d itio n , 
req u irin g  on ly  snow  rem oval. This ru n w a y  d id  an 
o u ts ta n d in g  jo b  du ring  th e  w in te r m o n th s . H ow ­
ever, by  a b o u t A pril w hen  th e  Spring th a w  s ta r te d , 
a f te r  th e  snow  had  m elte d , an  as to n ish in g  n u m b er 
o f  rocks and , in  som e cases, bou lders , th e  size of 
w ash  tu b s , had w orked  th e ir  w ay up  th ro u g h  the  
p e rm a fro s t o n to  th e  gravel and  the  ru n w a y  was 
n o t  useable. R em oval, o f  course , again  p u t th e  
ru n w a y  in  o p e ra tin g  c o n d itio n  fo r  th e  n ex t 
w in te r ’s m aneuvers.
T he fan ta s tic  te m p e ra tu re  changes th a t  ca n  be 
ex p e rien ced  in a sh o rt t im e  a lso  caused  p rob lem s; 
fo r  track ed  and  a rm o red  vehicles. T hese  vehicles, 
p a rk e d  overn igh t, w ere d iscovered  fro z e n  so lid  to  
th e  g round  by  m orning . Sm all charges o f  explosive 
w ere  set to  sh a tte r  th e  c ru st o f  the  su rface  and 
release  th e  tracks. A bove all, if th e  te m p e ra tu re  
rem a in ed  near m inus 3 0 , co ld  soaking  o f  heavy 
e q u ip m e n t m ade th em  ab so lu te ly  im possib le  to  
s ta r t. Slave cables w ere used  and  H erm an  N elson  
h e a te rs  w ere em p loyed . In  som e in stan ces  b low  
to rc h e s  w ere used  o n  c rankcases to  a id  s ta rtin g . I 
rem e m b e r one p a rticu la rly  co ld  p e rio d  o f  m inus 
6 0  w hen essential e q u ip m e n t such  as am bu lances 
a n d  tra c to rs  w ere k ep t ru n n in g  24 h o u rs  a d a y  so 
th e y  cou ld  be used  to  s ta r t  o th e r  e q u ip m e n t as 
req u ired .
I lo o k  w ith  a g rea t deal o f  in te re s t  o n  the  
p rogress o n  th e  n o r th  s lope  o il and th e  su b seq u en t 
d is tr ib u tio n  o f p e tro leu m  to  refineries. M any o f 
th e  p rob lem s th a t  ap p e ar  to  th w a rt desired  p ro ­
gress, in  rea lity , a re  n o t p rob lem s in  m y  personal 
o p in io n  b u t are a c u lm in a tio n  o f  a lack  o f 
in fo rm a tio n  and  in  som e cases, to o  m u c h  in fo rm a­
t io n  w h ich  provides to o  m an y  d iffe re n t w ays to  
so lve a p rob lem . I re m e m b e r , v ividly th e  g iant 
e a rth q u a k e  o f 1964. T h e  p ipeline  f ro m  H aines to  
F a irb a n k s  su ffered  no  dam age. The ab o v e  g round  
se c tio n s  m erely  .w rithed  across the  5 0 -fo o t right- 
o f-w ay , b u t th e  line w as designed  fo r  m ovem en t. 
T h e  b u ried  sections p rese n ted  no p ro b le m  since,
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d u rin g  th e  d itc h  phase, th e  line  was snaked  in  such  
a w ay  th a t th e  m ovem en t o f  th e  e a rth q u ak e  
caused  no  apprec iab le  u n d u e  stress.
In  th e  A nchorage area, how ever, we had a 
d iffe re n t p ro b lem . A t th e  A nchorage; do ck , th e  
p ipeline  was in  som e cases 20  fee t below  th e  
su rface, em b ed d ed  in b lu e  clay.. T he  e a rth q u ak e  
ru p tu re d  all b u t  one o f  th e  m ilita ry  lines in  th a t  
a rea , b u t  did n o t  d es tro y  an  in d u stry  line lo ca ted  
above g round  in  the  sam e area. In  o rd e r  to  dig 
d o w n  to  the  p ipeline , it  w as necessary  to  use steam  
lines to  th aw ; th e n  u p o n  in sp ec tio n , it was no ticed  
th a t  th e  lines had  b ro k en  o n ly  w here b u t t  w elded , 
w h ich  had b een  a te c h n iq u e  used in  th e  early  
1 9 4 0 ’s. T he bevelled  and  w elded  p ipe sec tio n s  held 
up . I elude to  n o th in g  in  th is  s ta te m e n t o th e r  th a n  
th e  fac t th a t th e  p ipeline n o r th  o f  th e  range, being 
o f  m odern  c o n s tru c tio n  and  design, b o th  above 
an d  below  g ro u n d , su ffe red  n o  dam age. B ut th e  
20-25 year o ld  line b u rie d  in  th e  A ncho rage  area, 
d id  su ffer dam age. It is in te re s tin g  to  n o te  th a t  th e  
b u ried  tan k s  in  th e  sam e a rea  co m p le te ly  encased 
in  th e  sam e b lue  clay, su ffe red  no  dam age o th e r  
th a n  a slight sink ing  due  to  e a r th  se ttling .
A n o th e r  p rob lem  th a t  m ay  well bese t any  new  
p ipeline  c o n s tru c tio n  in  A laska is th a t  p ro b lem  o f  
p ip e  in  suspension . M any tim es  d u rin g  th e  Spring  
th a w , rush ing  w aters u n d e rm in e  th e  above g ro u n d  
p ipe  and , in  som e cases, u p  to  2 0 0  fee t o f  p ipe  
w ou ld  be suspended . T his caused no  serious 
p rob lem s; how ever, since o u r  aerial surveillance 
a irc ra ft b ro u g h t th is to  o u r  a t te n tio n  im m ed ia te ly . 
M ain tenance  team s w ou ld  go o u t and  b race  th e  
p ipeline  in th e  area. T he  b rac ing  invariab ly  was 
designed  to  tak e  care o f  fu tu re  p rob lem s. O f 
course  th e  s tream s in th e  n o r th  are th e  m ean d erin g  
ty p e  du ring  b reak -up , b u t  to  me it was a dec ided  
advan tage to  fin d  th e  su sp en sio n  areas since it  gave 
us th e  o p p o r tu n ity  o f  an ch o rin g  th e  p ipeline  
securely  to  p rev en t an y  fu tu re  suspension .
A n o th e r  strange fac t th a t  seem s ra th e r  o d d  
w as ex p erien ced  by m e in  A laska. I n o tic e d  th a t  
th e  C anol line  th a t had  b e e n  closed  since 1954 
show ed  p ecu lia r  traces  o f  w ear w here  th e  p ipeline  
was in  c o n ta c t w ith  th e  su rface. O ver th e  years, 
th e  creep ing  ac tio n  o f  th e  pipe a c tu a lly  g ro u n d  
aw ay m eta l like  a g rinding  w heel u n til th e  p ipeline  
becam e re la tive ly  “ th in  w alled”  in  spo ts  w ith in  
these  areas. T his face t gave us th e  o p p o r tu n ity  o f  
checking  o u r p ipeline d u rin g  th e  sum m er m o n th s , 
and  if  any  o f  these  areas co u ld  be lo ca ted , gave us
th e  o p p o r tu n ity  o f  e ffec tin g  an  eng in eerin g  change 
by  b rac in g  th e  p ipeline  o r su p p o rtin g  it if  neces­
sary.
D uring  m y  fo u r  years o f  o p e ra tio n  o f  th e  
m ilita ry  p ipelines in  the  N o r th , I, o f  course , 
rem ained  c o n s ta n tly  alert to  p ip e lin e  b reak s  and  
leaks. H ow ever, w ith  th e  c o m b in a tio n  o f  th e  close 
p ro x im ity  to  th e  A laskan  H ighw ay , o u r  c o n stan t 
low-level aerial surveillance, and  o u r  righ t-o f-w ay  
crew s a t w ork  du ring  th e  su m m er m o n th s , th is  fear 
was g rea lty  m itiga ted . T o d a y ’s m echan ica l and 
e lec tron ic  ach ievem en ts p lay  a g rea t p a r t  in con ­
tro lling  ru p tu re s  as th e  b reaks a re  in sta n ta n e o u s ly  
m o n ito red  b y  p ressu re  d rops o n  in s tru m e n ta ito n . 
Leakage invariab ly  com es to  th e  su rface  and  
d isco lors v eg e ta tio n  o r fo rm s an  o il slick o n  w a te r, 
tu n d ra , o r m oist g round . T h e re fo re , w hen  th e  
m u ltip lic ity  o f c o m m u n ic a tio n  eq u ip m e n t, i.e ., 
rad io , te le ty p e , an d  te lep h o n e , co u p led  w ith  aerial 
surveillance, is b ro u g h t in to  p lay , m ax im um  e ffo r t 
can be  d irec ted  to w a rd  th e  su sp ec t area in  a sh o rt 
tim e an d  a c tio n  as necessary  can  b e  taken .
T his rem inds m e o f  th e  s to ry  a b o u t p eop le  
th a t  s ta te  th e  h e a te d  oil in  th e  p ro p o se d  A laskan 
p ipeline fro m  th e  N o rth  slope co u ld  m elt a tre n c h  
50 fee t w ide in 10 years. By ca rry in g  th e  analogy 
fu rth e r, w h en  one realizes th e  p ro p o se d  p ipeline  is 
on ly  fo u r  fee t w ide in  a land  th a t  is 4 ,2 2 4 ,0 0 0  fee t 
w ide, it will take  o n ly  8 4 4 ,8 0 0  years to  m elt th e  
w id th  o f A laska’s frozen  N o r th . G ra n te d , th e  
ecological aspects o f  any p ip e lin e  o r  fo r th a t  
m a tte r  an y  co n s tru c tio n  in  A laska  w ith  its  in­
h e ren t p o llu tio n  e ffe c t th a t  fo llo w s h u m an ity , one  
m ust alw ays keep  in  m ind th e  fa c t  th a t  p o llu tio n  
co n tro l m u st be b u ilt in as a n u m b er 1 re­
q u irem en t in  th e  A rctic  e n v iro n m en t. H ow ever, 
som e o f  th ese  aspec ts  are also n o t  in su rm o u n tab le . 
We fo u n d  th a t th e  caribou , m oose, and  bears  
freely  ro am ed  over our 8 -inch  p ipeline , b u t  i f  a 
48 -inch  p ipeline is above g ro u n d , a p ro b lem  m ay 
exist. H ow ever, a parallel m ay  also  be d raw n  here. 
In th e  N ear E ast, T A PL IN E  had  to  c o n s tru c t 
n um erous cam el crossings at various p laces a long  
th e  p ipeline to  p e rm it free passage fo r d esert 
N om ads.
All in  all, w h en  view ed in  the  co ld  ligh t o f 
to d a y ’s co m p u te riz ed  p lan n in g  and reasoning, 
m an’s fears o f th e  u n k n o w n  d isap p ear in d irec t 
p ro p o rtio n  to  th e  leng th  o f  h is  s tay  in any  foreign  
en v iro n m en ta l s itu a tio n .
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Colonel Fredric E. Johnson is a Military Petroleum Specialist in the U.S. Army. For the past 28 years he has served 
worldwide on various petroleum assignments. He commanded petroleum units in support o f  military operations in 
Europe during World War II. In the early 50’s when the Chinese Government evacuated the mainland of China, he was
U M R  Journal, No. 2  (June 1971)
86 Col. Frederic Johnson
the Petroleum Advisor to  the Nationalist Government of the Republic o f China and Formosa. Subsequently, he became 
Operations Officer with duty on the NATO pipelines in France, Belgium, Holland, and Germany during the initial 
design, construction, and operation phases. He commanded the petroleum distribution operations on the military 
pipelines in Alaska, British Columbia, and the Yukon Territory. Colonel Johnson was Project Manager assigned the task 
to supply all petroleum construction equipment in support of the buildup in Vietnam; then became Director of 
Petroleum in support o f military operations in Vietnam. Other petroleum assignments have taken Colonel Johnson to 
Panama, Thailand, Korea, Japan, Okinawa, the Phillipines and Morocco.
Colonel Johnson is a graudate o f  the Army Command and General Staff College. He completed the School of 
Pipeline Technology at the University o f Texas and, at the present time, is the director o f the Petroleum Department at 
the U.S. Army Quartermaster School, Fort Lee, Virginia.
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